This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



cited in the Europeaa^earc^ 
Report of EPr " " ! "" 
Your Ref.: /r 



hi. 



PATENT SPECIFICATION 




735,405 



Date of Application and filing Complete Specification Aug. 24, 19 S3* 
No. 22241 153. 

Application made in United States of America on Aug. 27, 1952. 
Application made in United States of America on March 19, 1953. 
Complete Specification Published Aug. 17, 1955. 



Index at accemance — Classes 2(5), P4A, P4D(2:3A) f P4P1E(1 : 2: 3 : 4: 6), P4P(4C: 5 : 6X), 
Index at acceptance. p7(A:D2 \>' )f p 7P i E Ji : 2: 3 : 4: 6), P7P(4C : 5 : 6X), P9A, P9C 

(4A:19), P9(D1B2:T2A), P11(A:D4), P11P1E(1:2: 3:4:6), PUP 
(4C:5:6X); and 140, A2(C:X). 

COMPLETE SPECIFICATION 

Improvements in Composition of Matter and use thereof 



We, United States Rubber Company,, of 
Rockefeller Center, 1230, Avenue of the 
Americas, New York, State of New York, 
United States of America, a Corporation 

6 or ganiz ed and existing under the laws of the 
State of New Jersey, United States of 
America, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and the method by which it is to be per- 

10 formed, to be particularly described in and by 
the following statement: — 

This invention relates to a composition and 
to an article of manufacture embodying a glass 
base member and the said composition in cured 

15 form and the method of making such an article 
of manufacture. More specifically, the inven- 
tion relates to a method of making resin- 
bonded, glass fibre articles in which the bond- 
ing of the resin to the glass is substantially 

20 improved. 

For many applications it is desirable to inter- 
mix glass fibres with resins. The advantages 
to be gained from the incorporation of the fibres 
are increases in the tensile, compression, flex- 

25 tiral, and impact strengths of the resins. The 
improvement in these properties is roughly pro- 
portional to the amount of glass fibre incor- 
porated in the resin; since high glass fibre con- 
tents per unit volume are most readily obtained 

30 by the use of glass fibre mats or woven glass 
fabrics, reinforcement with these compositions 
is the preferred method of obtained maximum 
strength properties. 

It is well known to those active in this field 

35 that the flexural strength, and other physical 
properties of resin-bonded, glass fibre con- 
structions, particularly glass fibre laminates, are 
increased by tighter bonding between the resin 
and the glass. The methods heretofore 

40 developed for improving the bonding have 
involved treating the glass fibres with agents 
which form a film on tie glass, this film being 
bonded strongly to the glass and having reactive 
double bonds which are capable of combining 

46 chemically with the resin during cure, 
[PnVT 



It has previously been proposed to apply to 
the glass fabric a bonding agent known as 
"Volan" (Registered Trade Mark). This chemi- 
cal is a Werner type compound in which meth- 
acrylic acid is coordinated with chromium. It 50 
may be described as methacrylateohalochro- 
Tninm (HI) chloride. This material is not as 
effective as the treating agents of our inven- 
tion. 

More recently, (See Bjorksten et aZ., Modem 55 
Plastics, July 1952, pages 124 and 188) it has 
been shown that treatment of glass fibres with 
vinyltrichlorosilane, or with a mixture of vinyl- 
trichlorosilane and beta-chloroallyl alcohol, 
causes a modification of the surface of the fibres 
thereby enabling them to bond more strongly 
to polyester resins. 

Treatment of glass fibres with vinyltrichloro- 
silane or mixtures thereof with beta-chloroallyl 
alcohol is objectionable in that hydrogen 
chloride is evolved as a product of the reaction. 
Hydrogen chloride is a health hazard and is 
exceedingly harmful to the equipment used in 
textile finishing operations. The same objec- 
tions apply if such material are added to the 
resin, and in addition the product is seriously 
impaired, the glass laminate being wholly un- 
acceptable. 

Other workers have developed a method for 
treating glass fibres which involves the use of 75 
sodium salt of vinylsiloxanol. This salt may 
be prepared by reacting vinyltrichlorosilane 
with an aqueous solution of sodium hydroxide. 
The objection to this method of treatment is 
that the sodium chloride and excess alkali con- 
tained in the treating agent are difficult to 
remove and therefore make the treatment an 
expensive operation. 

Other workers have employed solutions of 
polyvinyl siloxanes in toluene in conjunction 85 
with amine catalysts such as txiethanolamine to 
modify the surfaces of glass fibres. However, 
this method is objectionable in that the sol- 
vent, toluene, must be completely removed and 
thereafter the fabric must be subjected to very 90 
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high temperatures (atleast 500' F.) » complete VinyltriacetoxysOane 



70 
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me _£ ods 511011 88 ^ described above. 

We have now discovered that certain oreano- 
10 organoxysilanes, when added to curable poly- 
ester resins in small amounts, impart a sub- 
stantial strengthening of the bond that may be 
obtained between said resins and glass The 
■ t u f of ^ e organoorganoxysilanes in the process 
16 of our invention causes a particularly great im- 
provement in the resin-glass bond after ageing 
under high humidity conditions. Moreover, the 
method of our invention offer marked practical 
advantages over the methods heretofore 
M) employed for the same purpose. The particular 
organoorganoxysilanes Much may be used in 
our invention are those selected from the group 
consisting of vinylalkoxysilanes, vinyi-2-chloro- 
alko^sflanes, vinylaUyloxysilanes, vinylacyl- 
2o oxysilanes, and products of the reaction of 
ymylchlorosilanes with saturated aliphatic di- 
nydric alcohols. 

The silane additives of our invention are 
generally prepared by reacting a vmylhalosilane 
30 with the appropriate alcohol or organic acid 
Tms reaction is effected by merely cominingl- 
ing the two reactants under such conditions mat 
they- react with the Hberation of hydrogen 
halide. The silane additives referred to as die 
86 products of reaction of vinylchlorosilanes with 
saturated, alinhat-ir. Hih w w^,v 



saturated ahphaac dihydric alcohol is ethylene 
glycol, propylene glycol, trimethylene glycol 
methylene glycol, triethylene glycol, or dipro- Tft 
pylene glycol 

The potentially curable resinous composi- 
tions with which the silanes of our invention are 
admixed are well-known materials and com- 
prise an esterificarion product of an alpha- 80 
ethylene alpha, beta-dicarboxylic acid with a 
glycol, this esterffication product being an 
advanced linear polyester containing unesteri- 
fied carboxyl groups and having an acid num- 
ber of from 5 to 100 and being dissolved in and 86 
copolymerizable with a liquid monomeric poly- 
merizable ethylenic compound which is immis- 
awe with water, an organic peroxide being - 
added as a polymerization catalyst shortly 
oetore the co-polymerization is to be effected. 90 

SfeTi^S 8 ^ 316 described * u - s - 

ZZ i \ ' 5 A , r 111 use > unsaturated linear 
polyesters of this type are mixed with a poly- 

?"?7 a f U f u 1 ? onomer ' for ^stance styrenl 
diaUyl phthalate or triallyj cyanurate, and the 90 
mixture is cured to solid form bv heating in 
the presence of a suitable catalyst Typical 
resinoid mixes of unsaturated linear polyester 
and copolymerizable monomer used in practis- 
j^SwT"^ described «» U-S Patent 100 



pared according to* the pSeJS ^ita55^M lIP Z 540,168 and 

SpedficationNo.710^ • Wa^| £s ^^A£^^S^£ 

bined in such pro- by reference in order to a™;,* . 



process the reactants are combined in such pro- 
- 40 portions that the ratio of alcoholic hydroxy! 
groups to chlorine atoms in the initial reaction 
mixture is greater than unity. 

Our silane additives may have from one to 
three vinyl groups linked direcdy to the sfli- 
Ft 3 f d fr ? m t0 hydrocarbon chains 
linked to the silicon through an oxygen atom. 
We prefer to use those silanes in which there is 
one vinyl group linked direcdy to the silicon, 
the remaining < valences, of the silicon being 
60 occupied by alkoxy, 2-chloroalkoxy-, allyloxv- 
or acyloxy groups. The alkoxy, 2-chloroalkox^ 
and acyloxy groups contain from 2 to 6 carbon 
atoms. 

, Th 5 foUowing silanes are illustrative of the 
56 chemical addmves falling within the scone of 
our invention: — " 
Vinylnriethoxysilane 
Vinyltripropoxysflane 
Vinyltributoxysilane 
Diyinyldiethoxysilane 
Trivinylethoxysilane 
Vinyitriallyloxysilane 
Vinylttis-(2-chloroethoxy)silane 
Vinyltris- (2-chloropropoxy)sflane 
Divinylbis-(2-chloroethoxy)silane 
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. V 7*"" jK-*-"a » ncreoy incorporated 

by reference m order to avoid undue repetition 
As is well known the unsaturated dicarboxylic 10l> 
acid, may be partially replaced by another di- 
basic acid which may be typified by adipic acid, 
EES? aa ^ sebacic acid, phthahc add, and 
tetrachlorophthahc anhydride, and which may 
be used m amounts up to 3 moles per mole of 110 
unsaturated dicarboxylic acid 

Any organic peroxide that functions as a free 

radical type polymerization initiator is operable 
m our. mvennon. Examples of such peroxides 
are hydroperoxides e.g., teruary-butylhydro- 116 
S£?tt CUmCn ! hydroperoxide, paVa-men- 
t ^hydroperoxide etc, perory esters, e.g., di- 
£butyl diperoxyphthalate, r-butyl pero/yace- 
tate, eta; alkyl peroxides, eg, di-r-butyl per- 
oxide, dibenzyl peroxide, etc.; ketone per- 
oxides, e.g., methylethyl ketone peroxide, cyclo- 
hexanone. peroxide, etc.; and acyl peroxides, 
e.g., benzoyl peroxide, para-chlorobenzoyl per- 

pSoxidJeu?^ 0 ™ 1 ^ 071 

Probably the most important application at 
our mvennor, is its use in bonding fibrous glass 
to cured polyester resins of the above rype 
I he advantages obtained by this application of 
our mvennon are increases in the tensile, com- 180 



120 



735,405 



pression and fiexural strength of the products, 
and particularly greater strength retention after 
the products have been exposed to water. The 
compositions also have greater transparency 

6 when prepared according to our invention. 

Our method of improving the resin-to-glass 
bonding provides economy because it embodies 
the step of adding a chemical to the resin and 
therefore is much easier to carry out than the 

10 prior art processes which embody the steps of 
uniformly coating glass fibres with treating 
agent, washing, high-temperature curing of the 
treating agent on the fibres, etc. Our invention 
permits more flexibility for the fabricator, since 

15 he can readily adjust the extent of his treat- 
ment to the requirements of each particular 
job. In addition, our invention obviates the 
complicated equipment and steps required for 
pretreatment of the glass fibres. 

20 Suitable amounts of the silane additives used 
in the practice of our invention vary widely 3 
depending upon many factors. Generally 
speaking, however, the amount will range from 
0.1 to 10% of the weight of the copolymeriz- 

£5 able mixture of linear polyester and monomer. 
We prefer to employ from 0.5 to 2 % of a vinyl- 
halosilane-diol reaction product. 

The surface of the glass should be clean, i.e., 
it should be free from any extraneous material 

8U which would adversely affect the bonding of the 
resin thereto. In particular, it should be free 
from organic material which would adversely 
affect the degree of bonding, especially those 
organic materials which are applied to glass 

35 fibre during manufacture for various purpose*! 
such as for lubricating the fibres or sizing them. 

The maximum effectiveness of the silane 
additives is obtained when well cleaned glass 
fibres are used. If a sizing has been applied to 

4i) glass fibres, it may be removed by heating 
them to temperatures within the range of 600° 
to 900° F. It is well known to those skilled 
in the art that cleaning may be effected at these 
temperatures either by continuous methods 

45 requiring only a few minutes or by batch 
methods requiring from 24 to 72 hours. 

The following example illustrates that our 
invention is very useful in securing adhesion of 
curable alkyd resin finishes to glass surfaces. 

50 More particularly, the example demonstrates 
how polyester resin can be bonded to a glass 
plate by the method of our invention. 

Example I. 
The silane additive used in this experiment 

55 is the reaction product of vinyitrichlorosilane 
and diethylene glycol. This reaction product 
is prepared by placing 225 parts of diethylene 
glycol in a vessel and adding 150 parts of 
vinyitrichlorosilane thereto- with stirring. Dur- 

80 ing addition of the silane, hydrogen chloride is 
evolved. The reaction mixture is then heated 
to 200° C. and held at this temperature for 
2 — 3 hours. The final product contains essen- 
tially no hydrolyzable chlorine. 



Ninety-eight parts of maleic anhydride, 148 66 
parts of phtbalic anhydride, and 163 parts of 
propylene glycol are heated for 3 hours at 200° 
C, tie final half-hour being at reduced pres- 
sure. The resultant alkyd resin has an acid 
number of 55. Sixty-seven parts of this alkyd TO 
are combined with 33 parts of styrene and 1.5 
parts benzoyl peroxide to form a curable liquid 
casting resin. This resin is designated Resin I. 

Approximately 5 grams of Resin I, to which 
has been added 2% of the reaction product of 16 
diethylene glycol and vinyitrichlorosilane, and 
1.5% of benzoyl peroxide, are poured onto a 
glass plate, allowed to flow out to a film, and 
cuied under an infrared lamp. Simultaneously 
a 5-gram portion of the resin catalyzed with 80 
1.5% benzoyl peroxide, but containing no 
silane reaction product, is cured on the same 
glass plate. After the cure has been com- 
pleted the resin films are cracked by thermal 
shock Observation shows the film of resin 86 
containing the silane reaction product to have 
attached to it portions of glass which have been 
pulled from the glass plate, whereas the film of 
resin containing no silane comes away from 
the glass cleanly and smoothly. 90 

In demonstrating the effect of our invention 
on glass-fibre-reinforced polyester composi- 
tions, we have chosen to report the fiexural 
strength of moulded flat sheets of the composi- 
tions. It is well known to those experienced 05 
in the field that changes in tensile strength and 
compressive strength generally parallel changes 
in fiexural strength. Our fiexural strength 
data have been obtained as recommended in 
Federal Spec L — P — 406a-Method 1031. 100 

The most significant improvement in the 
reinforced polyester compositions brought 
about by the method of our invention is greater 
strength retention after ageing in water. As is 
common practice among those experienced in 105 
the field, we have measured this property by 
determining the fiexural strength of the com- 
positions before and after they have been 
immersed in boiling water for 3 hours. This 
ageing treatment is generally recognized to be 110 
equivalent to standing at least one month in 
water at room temperature. 

Example n. 
This example demonstrates the use of the 
glycol-silane reaction product to make resin- 115 
bonded glass fabric laminates of high fiexural 
strength. 

Two different polyester resins are used : one f r, 
is the same as that used in Example I, i^' " 
Resin I; the second is prepared as follows;— "120 

Eighty-eight parts of maleic anhydride, 148 
parts of phthalic anhydride, 29 parts of tetra- 
chlorphthalic anhydride, and 130 parts of 
ethylene glycol are heated about 4 hours at 
220° C. The alkyd so prepared has an acid 125 
number of 40. Seventy parts of this alkyd 
are combined with 30 parts of styrene and 1.5 
parts of benzoyl peroxide to form a curable 
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liquid resin. This resin is designated Resin IL 
The additive used is the same glycol-silanc 
reaction product that was used in Example L It 
is intimately incorporated with the curable 

0 hquid resin mixture before it is brought into 
contact with the glass fabric. 

Laminates of glass fabric and polyester resin 
are made up containing 12 plies of glass fabric. 
The glass fabric used in these constructions is 

0 a long-shaft satin weave fabric with 225-1/3 
warp, 225-1/3 fill, and 51 warp ends with 54 
picks. The glass fabric has been cleaned by 
heating at 750° F. for 48 hours. The total 



thickness of each laminate is about 0.125 inch, 
and the glass content is about 64% by weight 16 
One and one-half per cent of benzoyl peroxide 
is used as a catalyst for curing the resin. The 
laminates are cured for approximately 15 
minutes at 160° F. followed by 15 minu tes at 
250° F. Two laminates are made with each 20 
resin; the resin used in one of the laminates 
contains an addition of 2% of the reaction pro- 
duct; the resin used in the other laminate is not 
modified. Results are s ummar ized in the fol- 
lowing table. g5 



L 



30 



Type of resin 

I 
1 



n 
n 



Fiexural strength (psi) 



% silane additive 
added to resin 

none 

2% 
none 



Initial 

63,900 
55,500 

58,000 
54,200 



After 3 hours in 
boiling water 

49,000 
24,200 

51,500 
32,900 



The data in Table I show that the silane 
86 additive imparts an improvement in the initial 
fiexural strength of the laminates to which it 
has been added. The most pronounced effect 
of the silane additive, it will be observed, is 
^ the improvement in fiexural strength retention 

40 after ageing in boiling water. 

Silane additives which are reaction products 
of vinylchlorosilanes and other dihydric alco- 
hols, besides diethylene glycol, improve the 
fiexural strength of resin bonded, glass fabric 

46 laminates. Thus, for example, a laminate pre- 
pared with a resin containing the reaction pro- 
duct of vinyltrichlorosilane and propylene 
glycol has an initial fiexural strength of 60,200 
psi and a fiexural strength, after three hours 

60 in boiling water, of 51,400 psi. A similar 
laminate containing no reaction product has a 
substantially lower initial fiexural strength and 
lower fiexural strength after 3 hours in boiling 
water. 

65 The following example illustrates the pre- 
paration of {laminates containing resins to 
which vinyltriethoxysilanes have been added. 

Example ITT. 
Three resins are used to prepare the lami- 
60 nates of this example. The resins heretofore 
designated as Resins I and IT are used as well 
as Resin JH which is a mixture consisting of 



70% of the product prepared according to the 
method of Example 1 of U.S. Patent 2,195,362 
combined with 30% of diallyl phthalate 66 
monomer 

Two laminates are made from each resin. 
Two parts of vinyltriethoxysilane (per 100 
parts of resin) are added to a portion of Resin 
I Similarly, one part of vinyltriethoxysilane is 70 
added to a portion of Resin II and to a portion 
of Resin m. As controls, the resin used in the 
second laminate of each pair contains no silane 
additive. 

One and one-quarter per cent of cumene Tb 
hydroperoxide is added as a catalyst for curing 
Resins I and EE; 1.5% of benzoyl peroxide is 
added as a catalyst for curing Resin m. The 
resin-impregnated larhinates are cured by plac- 
ing the uncured laminates in a press adjusted 80 
to a temperature of 100° F.; the temperature 
of the press is then raised to 300° R over the 
course of 30 minutes, and held at 300° F. for 
15 more minutes. A curing cycle of this type 
is adopted so as to insure that the resin will 85 
completely cure, regardless of the decomposi- 
tion temperature of the peroxide. The decom- 
position temperatures of the peroxides used in 
the cure are below 300° F. 

Fiexural strength data are obtained on all 90 
of the l amin ates. The data are summarized in 
the following table. 
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Table H. 



10 







Flexural strength (psi) 


Type of resin 


Per cent, vinyl- 
triethoxysilane 


Initial 


After 3 hours in 
boiling water 


I 
I 


none 
2% 


38,600 
58,700 


17,900 
52,200 


n 
n 


none 
1% 


56,100 
63,500 


23,000 
50,600 


m 
in 


none 
1% 


44,600 
62,700 


21,800 
50,800 



The flexural strength data in Table II illus- 
trate that the presence of vinyltriethoxysilane 
in a variety of curable polyester casting resins 
imparts a substantial improvement in the 
16 flexural strength of glass fabric laminates con- 
taining these resins, particularly after they 
have been in boiling water for 3 hours. 

Example IV. 
This example illustrates the use of vinyltri- 



propoxysilane in the process of our invention. 20 
A pair of laminates are prepared similarly to 
those in Example II. Resin I is used, and 2% ; 
of vinyltri-75-propoxysilane is added to a por- 
tion of it Another portion of resin I, as a con- 
trol, is unmodified. . One and one-quarter per 25 
cent of cumene hydroperoxide is added to each 
portion of resin, as the curing catalyst. 

The flexural strength data for the two lami- 
nates are summarized in Table HI. 



30 
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Flexural strength 


Type of resin 


Per cent, vinyl- 


After 3 hours in 


propoxysilane 


Tmrial boiling water 


I 


none 


38,600 17,900 


I 


2% 


62,600 52,600 



Comparison of the data given in Tables II 
and HI shows that vinyltri-n-propoxysflane 
causes an improvement in flexural strength 
comparable to that obtained with vinyltri- 

40 ethoxysilane. 

It is not believed that organ oorganoxy- 
sibmrs other than vinylorganoxysilanes will 

• improve the flexural strength of laminates to 
the degree that vinylorganoxysilanes do. For 

45 example, our experience with, the dihydric 
alcohol reaction products has shown that the 
products formed by the reaction of dihydric 

.n alcohols with cyclohexenyltrichlorosilane, di- 
ethyldichlorosflane, and amyltrichlorosilanc 

50 do not cause an improvement in the flexural- 
strength of laminates comparable to that 
obtained with the reaction products of dihydric 
alcohols and vinylhalosilanes. 

AUylorganoxysilanes may be considered as 

56 next higher homologues of the corresponding 
vinylorganoxysilanes. Of all the organo- 



organoxysilanes, the behaviour of the allyl 
compounds might be expected to be the most 
closely comparable to that of vinylorganoxy- 
silanes. The surprising thing is that even 
allylorganoxysilanes do not impart an improve- 
ment in flexural strength, particularly after the 
laminate has been placed in boiling water for 3 
hours, of the same degree that is obtained with 
vinylorganoxysilanes. This is illustrated in the 66 
following example. 

. Example V. 
A pair of laminates were prepared similarly 
to those in Example II, with Resin I. One por- 
tion of the resin contained 1% of added allyl- 70 
triethoxvsilane; the other contained 1% of 
added vinyltriethoxysilane. One per cent, of 
di-f-butyl diperoxyphthalate was added to each 
resin. Each laminate was press-cured for 15 
minutes at 200° F., then for 30 minutes at 76 
300° F. The flexural strength data for the 
cured laminates are summarized in Table IV. 
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Table IV. 







Flexural 


strength 


Type of resin 


Organo- 
alkoxysilane 


Initial 


After 3 hours in 
boiling water 


5 I 
I 


allyltriethoxysilane 
vinyltrkthoxysilane 


58,000 
59,000 


40,300 
56,100 



10 



As is evident from Table IV, the flexural 
strength, after 3. hours in boiling water, of the 
laminates containing vinyltriethoxysilane is 
about 40% higher man that of the laminate 
containing allyltriethoxysilane. 

Example VI 
This example illustrates the use of vinyl-2- 
cMoroalkoxysilanes, vinylallyloxysilanes, and 
15 vinylacyloxysilanes in the process of our inven- 
tion to make resin-bonded, glass fabric lami- 
nates. 

Resin II is used in the construction of the 



laminates. The laminates are made from the 
same glass fabric that was employed in 20 
Example I. Cumene hydroperoxide (1.25%) is 
added as the curing catalyse The resin- 
impregnated laminates are cured by placing 
the uncured laminates in a press adjusted to a 
temperature of 100° F.; the temperature of 26 
the press is then raised to 300° F. over the 
course of 30 minutes, and held at 300° F. for 
15 more minutes. The following table shows 
the physical data obtained on the various lami- 
nates thus prepared. 



30 



Table V. 







Flexural strength 


Silane additives 


Parts 
silane" , 


Initial 


After 3 hours in 
boiling water 


Vinyltriacetoxysilane 
Vinyltri-2-chloroethoxysilane 
VmyltriaUyloxysilane " 
None (control) 


2 
2 
2 
0 


56,600 
60,400 
55,900 
48,200 


49,200 
53,200 
51,300 
32,300 



The data in Table V show that when resins 

40 containing a vinylacyloxy silane, a -vinyls - 
chloroalkoxysilane, or a vmylallyloxysilane, is 
used in making glass fabric laminates, the 
initial flexural strength of the cured laminates 
is substantially higher than that of a laminate 

45 m a d e with a resin containing no silane addi- 
tive. The data also show that a similar but 
more marked difference exists between the two 
classes of laminates after they have been aged 
for three hours in boiling water. Comparison 

50 of the data in Table V with the data in Tables 
I through IV shows that the level of improve- 
ment in flexural strength imparted by our 
silane additives is about the same, regardless of 
the particular silane additive actually used. 

55 As heretofore stated, only relatively small 



amounts of pur silane additives are required. 
In the -following example it is demonstrated 
that with amounts of the silane additives as 
low as 0.5%, very significant improvements 
in the strength of the laminate are obtained. 60 

Example VII. 
A series of laminates cmtaining different 
amounts of vinyltriethoxysilane were prepared 
in a manner similar to those in Example H 
Resin I, to which 1.25% of cumene hydroper- 66 
oxide was added, was used in each laminate. 
The curing cycle -was. .the same as that in 
Example IIL" ~The exact composition of the 
several laminates, and the flexural strength 
data obtained, are shown in Table IV. 70 



Table "VI. 



Type of resin 



76 



Per cent, vinyl 
triethoxysilane 

none 
0.5 
1 
2 
5 



Flexural strength 



Initial 

38,600 
69,900 
72,500 
69,800 
67,600 



After 3 hours in 
boiling water 

17,900 
58,400 
59,500 
59,500 
55,900 
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The ineffectiveness of using our silane addi- 
tives in a composition containing a glass fabric 
from which the lubricant has not been 
removed, is demonstrated in Example Vm. 

5 Example VUL 

Laminates are prepared similarly to those 
described in Examp le II except that the glass 
fabric used has not been given any cleaning 
treatment, and so is still sized with the lubri- 

10 cant employed in their preparation. This lubri- 

Table 



cant is composed of a starchy vegetable oil, 
softener, gelatin, vinyl polymer and an emulsi- 
fying agent. For purpose of comparison, data 
on laminates containing heat-cleaned glass 
fabric (heated under such conditions as to 15 
remove all organic material therefrom) are also 
reported. The reaction product of vinylrri- 
chlorosilane and diethylene glycol is used as 
the silane additive, and Resin I is employed 
in all of the laminates. 20 



vn. 



25 



Fibre surface 

Sized 
Sized 

Heat cleaned 
Heat cleaned 



Amount of silane 
additive 

none 
2% 

none 
2% 



Flexural strength 



Initial 

35,800 
35,000 

55,500 
63,900 



After 3 hours in 
boiling water 

24,700 
21,500 

24,200 
49,000 



Our invention is applicable to the prepara- 

30 tion of resin bonded, glass fibre structures 
regardless of the arrangement of the glass 
fibres in the structures. As has been demon- 
strated in the preceding examples, glass fabric 
laminates having improved nexural strength 

35 can be made by the process of our invention. 
Our invention may be applied equally well to 
improve the properties of polyester structures 
reinforced with randomly oriented, chopped 
glass fibres. For example, our invention can be 

40 advantageously used in improving polyester 
structures reinforced with a mechanically inte- 
grated glass fibre mat. Such a mat may be 
prepared by blowing chopped glass fibres onto 
a moving wire screen so that the fibres are 

45 randomly deposited on the screen. The fibres 
are then mechanically integrated by the action 
of many barbed needles which pierce the mat 
and in the return stroke carry a strand of glass 
fibre in loop form, from the top surface to the 

50 lower surface of the mat. The loops of glass 
fibres passing through the mat act to integrate 
the mat and give it a mechanically stable con- 
struction. The mechanical stability of the mat 
can be modified as desired by varying the 

55 number of barbed needles which pierce the 
mat- , 

Another type of mat construction that can 
be used in our invention is one in which the 
glass fibres are oriented in one direction. A 
60 conventional resin bonded structure made 
from such a mat has an initial flexural strength 
of 106,600 psi and a flexural strength after 3 
hours in boiling water of 75,300 psi. The 
flexural strength is measured by bending at a 
66 right angle to the direction of fibre orienta- 
tion. A similar structure con tainin g the reac- 
tion product of vinyltrichlorosilane and diethy- 
lene glycol has an initial flexural strength of 



121,900 psi and a flexural strength of 97,700 
after 3 hours in boiling water. The improve- 70 
merit in flexural strength imparted by the 
silane is evident. 

Another instance of the utility of our inven- 
tion is in the improvement of moulding com- 
positions of the type which consist primarily 75 
of polyester resins and short length glass fibres 
intermixed therein. 

From the foregoing, those skilled in the art 
will appreciate that the present invention pro- 
vides many advantages. The principal 80 
advantage is that a considerable improvement 
in the degree of adhesion of cured polyester- 
type resins to glass or the like is obtained by 
adding our silane additives to the resin prior 
to bringing it into contact with the glass or 85 
like surface followed by curing of the resin 
while contact is maintained. This process has 
the advantage of being much easier to carry 
out than a procedure in which the glass is pre- 
treated with a treating agent. As indicated 90 
above, it makes for greater flexibility for the 
manufacturer. Another advantage is that the 
liberation of hydrogen halide in the plant 
where the glass or the like is coated or bonded 
with the resin is obviated. Numerous other 95 
advantages of our invention will be obvious 
to those skilled in the art 
What we claim is: — 

1. A composition comprising an esterifica- 
tion product of an alpha-ethyienic alpha, beta- 100 
dicarboxylic acid with a glycol, said product 
being an advanced linear polyester containing 
unesterified carboxyl groups and having an 
acid number of from 5 to 100 and being mis- 
cible with and copolymerizable wi*h the poly- 105 
merizable ethylenic compound hereinafter 
mentioned to yield a solid resinous material, 
liquid polymerizable ethylenic monomer 
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immiscible with water, and a sflane selected 
from the group consisting of vinylalkoxysdlanes 
and vmyl-2-chloroalkloxysilanes wherein each 
alkoxy group contains from 2 to 6 carbon 
i> atoms, vmylaUyloxysilanes, vmylacyloxysilanes 
wherein the acyloxy group contains from 2 to 
6 carbon atoms, and products of the reaction 
of vmylchlorosilanes with saturated aliphatic 
dihydric alcohols, said vinylchlorosilane and 
lU said alcohol having been interacted in such 
proportions that the ratio of alcoholic hydroxyl 
groups to chlorine atoms in the initial reaction 
mixture is greater than unity, " "' 

1C , 2 A composition as set forth in T~ 
lo wherein said silane is vinylmettoxysilane. 
3. A composition as set forth in rlafm i 
wherem said polymerizable monomer is 
styrene, and wherem said silane is vinyltri- 
emoxysilane, 
20 4. A composition as set forth' in claim 1 5 
wherein said polyester is the condensation pro^ 
duct of maleic anhydride, phthalic anhydride 
and propylene glycol and wherem "Said poly- 
merizable monomer is §tyrene arid said silane 
25 is vmyltnethoxysilane. 

5. An article of manufacture comprising a 
glass base and a composition as set forth in 
claim 1 integrally bpnded thereto by curing 
with an organic peroxide. 
30 6. A glass fibre-reinforced resin composition 
comprising glass fibres and a composition as 



set forth in claim 1, said composition having 
been cured with an organic peroxide. 

7. A composition as set forth in claim 6 
wherein the polymerizable monomer is styrene 35 
and said peroxide is a peroxy ester. 

8. A composition as set forth in claim 6 
wherem . the polymerizable monomer is 
styrene and said peroxide is a hydroperoxide. 

9i A composition as set forth in claim 6 49 
wherein the polymerizable monomer is styrene 
and said peroxide is an alkyl peroxide. 

10. A composition as set forth in claim 6 
wherein the polymerizable monomer is diallyl 
phthalatc and said peroxide is a peroxy ester. 45 

11. A composition as set forth in claim 6 
w £? re * n polymerizable monomer is diallyl 
phthalate and said peroxide is an acyl peroxide. 

12. A glass, fibre-reinforced resin composi- 
tion composing a glass fibre mat of randomly 50 
oriented glass fibres mat are mechanicaUy inte- 
grated, and a composition as set forth in claim 

1, said composition having been cured with an 
organic peroxide. ' "~ 

13. A. glass fibre-xdnforced_reiinJxbiaposi- 55 
nan comprising multiple layers of glass fabric 
and a composition as set forth in claim 1, said 
composition having been cured with an 
organic peroxide. 

T. A. CLAYTON, 
Agent" for the Applicants. 
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